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This is the final report (CDRL #5) on Contract Number F-33615-86-C-5009,
"Electro-Deposited Primer Development and Low-Polluting Primer

tvaluation" for the period of September 8, 1986 through November 16,
1988.
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An electrodeposited primer is viewed as a good approach for satisfying
environmental issues and improving corrosion resistance of adhesive
bonded structures. Improved corrosion resistance is forecast as the
1ikely result of coating all exposed surfaces through electrochemical
priming action. Additional benefits forecast are the reduction of primer
loss typical of current spray application methods, and improvement of

manufacturing output by priming the entire surfaces of many details in
less than 1 minute of processing time.

The 3M Company previously developed electrodeposited primers showing
adhesive bond strength performance capability to 325°F/350°F, which is a
specific goal for the program. In Phase I of the program the 3M Company,
as a subcontractor to Rohr, optimized electrodeposited primer
rormulations and selected the best for a scale-up study to verify it as a
production viable primer for use on F-111 aircraft repair. The primer
developed met all of the initial adhesive-bond and corrosion-performance
criteria when applied to specimens under laboratory conditions.




A second requirement of the Phase | work task was to scale up the
optimized formulation in production prototype equipment. The equipment
sclected was based upon electrodeposited primer facility design made by
Lockheed in AFWAL-TR-87-4085. Rohr's first scale-up in the program was
to screen the electrodeposited primer optimized for this program by trial
in a 6-gallon electrodeposition facility. Standard military
specification qualification tests for adhesive performance were used to
evaluate the primer. The program was to later address two further stages
of scale-up in Phase II, 20 gallons and 200 gallons, leading to
completion of a full complement of qualification tests to MMM-A-132 and
MIL-A-25463.

Problems were encountered controlling primer thickness on specimens
coated in the 6-gallon production prototype electrodeposition tank to the
values established as optimum in the laboratory. Perhaps as a result of
this difficulty, we were unable to meet several of the military
specification qualification values required by the program. We also
discovered a porous condition in the primer film, especially in the thin
coatings required to meet bond strength criteria.

Rohr modified the 6-gallon electrodeposition tank facility extensively,
and several batches of electrodeposited primer were used during the
various improvement efforts without success. We concluded at this point
that additional laboratory work on optimizing primer formulation and/or
investigating alternative tank designs was required to make the primer
functional in a production environment.

In addition to the electrodeposited primer optimization effort, a search

of industry, including literature, for water-base primer materials was »
conducted and candidate primers were tested. This effort was limited to
a maximum of 25 percent of the contract funds. Water-base primers were
generally considered less desirable than electrodeposited primers because
thcy require more application labor, do not provide inherent coverage of
all surfaces, and prcduce undesirabie overspray.




Water-base primer systems are being considered by industry as a
replacement to organic solvent-base primer systems in current adhesive
bonding systems because organic solvents pose environmental impact
problems and must be reduced/eliminated or be dealt with using costly
recovery/incineration systems.

Rohr identified three water-base primers applied by conventional spray
application techniques which demonstrated a capability for meeting
military specification qualification requirements. We selected the best
primer from the three candidates on the basis of performance and ease of
application. The primer was tested to the same test matrix used to
screen the electrodeposited primer. The primer readily exceeded program
requirements for these tests. We concluded that the primer was a
potential candidate for full qualification testing but that its corrosion
resistance was marginal.

The program did not provide for any reworking of the water-base spray
formulation or for spray application process development. We believe
that all of the water-base primers could benefit from these actions.

The program was terminated when it became apparent that the electro-
deposited primer formulation could not be successfully scaled up within
the provisions of the contract.




FOREWORD

This program, Electrodeposited Primer Development and Low-Polluting
Primer Evaluation, was conducted by Rohr Industries, Inc., under
Contract F33615-86-C-5009. The program was performed under the technical
direction of Mr. Mark Forte, Project Engineer - WRDC, Materials
Laboratory, Wright-Patterson Air Force Base, Ohio.

This final report presents the results of work accomplished during the
period of September 8, 1986 through November 16, 1988. The overall
program was performed under the direction of Rohr Industries' R.H. Greer,
Program Manager, and Dr. J. Patel, Principal Investigator. The 3M
Company was under contract to Rohr Industries to perform Phase I, Task I
Cathodic Electrophoretically Deposited Structural Adhesive Bonding Primer
(CEDSABP) development, to supply CEDSABP material, and to perform
analytical services for the program. The 3M effort was under the
direction of Dr. A. Pocius, Program Manager, and T. Wilson, Principal
Investigator.
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1/ INTRODUCTION

The objective of this Air Force program is to develop, evaluate,
demonstrate, and qualify an electrodeposited (ED) corrosion resistant
primer system for metal bonding suitable for use with 350°F curing
adhesives.

A second objective of the program is to evaluate other low-polluting
primer systems (such as water-base spray and dip systems or inorganic
primers) which will be suitable for use with 350°F curing adhesives.

The objectives of the program are motivated by a desire to eliminate
environmentally objectionable solvents currently found in adhesive primer
materials. Federal and state environmental regulations limit the amounts
of solvents and may hinder the Air Force's capability for repairing high-
performance aircraft where solvent-base adhesive primer materials are
currently used. Other problems inherent in the use of spray-applied
primers are nonuniform corrosion protection, poor control of primer
thickness, and variable strength of the adhesive bond. The
electropriming process will eliminate primer waste due to overspray and
is adaptable to automation which should result in reduced costs.

The program is composed of two phases, each of which comprise several
tasks. In Phase I an electrodeposited primer material is to be optimized
for 325°F service temperature use and other service requirements for
military aircraft. Primer compatibility with 350°F curing adhesive bonds




to aluminum and titanium substrates are also studied. This task is
performed by the 3M Company under subcontract to Rohr Industries.

Also in Phase I, Rohr canvasses the literature and industry sources for
water-base primer materials having potential for meeting the performance
objectives of the program. Water-base primer materials which show
promise are screened in a test program which examine primer application
methods and adhesive bond strength performance.

Phase I concludes with an extensive screening program (Task III) which
assesses the ability of the ED primer developed and optimized in Task I
by 3M to meet the objectives of the program. This test program consists
of performing the conventional military and federal tests for adhesive
bond performance on bonded aluminum adherends, aluminum adherend/
honeycomb sandwich, and titanium adherend test configurations. The best
performing water-base primer is compared with the ED primer in the
screening program using two different adhesive systems. Special
attention is given to the failure modes occurring through instrumental
surface analysis examinations.

Phase Il involves the scale-up of electrodepositable primer manufacture
and demonstration of the ED priming process through a 200-gallon
production tank installation. Due to difficulties encountered during
Task IIl screening in Phase I, it becomes apparent that additional work
on the primer formulation and/or process equipment design is necessary.
This work cannot be accomplished within the provisions of the contract;
the contract has been terminated at the request of the Air Force.
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2/ PHASE I, TASK I
ELECTRODEPOSITED PRIMER OPTIMIZATION

2.1 INTRODUCTION

Current aircraft are primed with corrosion inhibiting primers that are
generally organic solvent thinned, epoxy and phenolic based. These
primers are cured at 250°F to 350°F and contain an organic insoluble,
slightly water soluble corrosion inhibiting pigment (usually a chromate
salt). The performance characteristics that a structural adhesive
bonding primer must have are listed in Table 2-1. Current materials have
the necessary characteristics, but suffer several drawbacks:

. They are organic solvent thinned and do not comply with new,
stricter pollution control regulations.

. They are appliied by "line-of-sight methods" and cannot be
used to coat inaccessible portions of complex parts (e.g.,
the interior of a honeycomb cell).

. They are relatively brittle (in comparison to the adhesive)

and if the primer application is too thick, bond performance
can be reduced (see Section 6, Item 1).
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Table 2-1. Performance Characteristics of Structural
Adhesive Bonding Primer

Provides protection against corrosion inside and outside of the
bonded joint

Provides a surface to which the adhesive can easily bond

Provides protection for the surface-prepared adherends
before bonding

Exhibits resistance to aircraft fluids such as jet fuel,
hydraulic fluids, solvents, etc.

Is capable of transferring structural load from the adherend
through the surface preparation to the adhesive

At appropriate thickness, displays no deleterious effects on
the shear or peel properties of the adhesive bond
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2.1.1 ELECTRODEPOSITABLE COATINGS -- Electrodepositable coatings
are widely used in the automobile and appliance manufacturing industries.
This coating technology has the following advantages:

. It is self-leveling.

. It has the ability to coat surfaces that are inaccessible by
"line-of -sight" methods.

. It is self-limiting in thickness.

The above capabilities are attributable to the fact that the coating
application process is electrochemical in nature. The technology is
further described in Section 2.1.3. The features of electrodepositable
coatings, described above, are not found in other "state-of-the-art"
primers. However, current electrodepositable coatings cannot, in
general, conform to the requirements of a structural adhesive bonding
primer that are listed in Table 2-1.

The special experience gained in the development of a coating can be used
in the development of a structural adhesive binding primer; however,
additional knowledge in the formulation of structural adhesive bonding
systems is necessary because of the strength requirements and other
characteristics listed in Table 2-1. 3M has invested the expertise
gained during 30 years of formulation work in structural adhesives and
bonding primers into this program.

2.1.2 CATHODIC ELECTROPHORETICALLY DEPOSITED STRUCTURAL ADHESIVE
BONDING PRIMERS (CEDSABPs)

2.1.2.1 Previous Air Force Funded Contract Work -- Attempts have been
made to develop electrophoretically depositable structural adhesive
bonding primers. The first efforts were carried out under Air Force
Contracts F33615-78-C-5050 and F33615-C-5301 and described in several
reports. (See Section 6, Items 2, 3, and 4.) The CEDSABPs developed in




these contracts apparently meet the requirements of a 180°F service
structural adhesive bonding primer.

2.1.3 BACKGROUND ON ELECTRODEPOSITABLE PAINTS -- Electrodepositable
paints have been used in industry for approximately 25 years. The early
technology in these paints was based on water soluble polymers bearing a
negative charge. The negatively charged water soluble polymer is placed
in an electrochemical cell, and the electrodes in the cell are appropri-
ately biased. The negatively charged polymer migrates to the anode by a
phenomenon known as electrophoresis. The appropriate technological term
for this paint is an "anodic electrophoretically depositable paint."
Electrode reactions at the anode generate protons which discharge the
negatively charged water soluble polymer. This results in an uncharged
and water insoluble substance deposited on the anode surface. The area
on the anode on which the polymer has deposited becomes insulated against
the passage of current. In the absence of current, the polymer cannot
deposit in that insulated area, and polymer deposition moves to another
area on the anode on which the polymer is deposited.

Unfortunately, the improvement in corrosion protection afforded by anodic
electrodeposited paint was limited because the anode, under the applied
potential, generates metal ions that become part of the deposited film.
These metal ions stain the film and also reduce corrosion protection.

The other electrode in the electrochemical cell is negatively charged and
is known as the cathode. The electrode reaction which takes place in
water at the cathode generates hydroxide ions rather than metal ions.
(See tigure 2-1.) A paint having a polymer that is posi.ively charged
would electrophoretically migrate to the cathode in a fashion that is
analogous to the process for anodic paints. However, the positive
features of an electrophoretically depositable paint are obtained without
the negative features of anodic deposition. The improvements in
appearance and corrosion protection obtained by cathodic deposition are
so significant that virtually all automobile chassis and appliance parts

are now initially painted with cathodic electrophoretically depositable
paints.
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Figure 2-1. Schematic of the Cathodic Electrodeposition Process
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2.1.4 BACKGROUND ON STRUCTURAL ADHESIVE BONDING PRIMERS --
Structural adhesive bonding is a well-known method for manufacturing
lightweight honeycomb sandwich aircraft structures. The durability of
adhesive bonded structures is strongly dependent on factors which include
the following:

. Proper surface preparation of the adherend
. Use of a corrosion inhibiting primer
. Use of a corrosion inhibited honeycomb core.

Current aircraft adherends are primed with corrosion inhibiting primers
that are generally organic solvent thinned, epoxy and/or phenolic based.
They are cured at 250° to 350°F and contain an organic insoluble,
slightly water-soluble corrosion inhibiting pigment (usually a chromate
salt). These primers are applied by standard spray methods. The
performance characteristics and drawbacks of these solvent-thinned
primers are discussed in Paragraph 2.1.

2.1.5 THE RELATIONSHIP BETWEEN STRUCTURAL ADHESIVE BONDING PRIMER
TECHNOLOGY AND ELECTRODEPOSITION TECHNOLOGY -- Electrodepositable
coatings originated as "paints." "Paints" differ from "structural
adhesive bonding primers" because of the differences in their functions
after application. A "paint" does the following:

. Provides a decorative coating

. Provides corrosion protection if so formulated

. Provides an adequate surface for application of subsequent
topcoats.

These functions contrast those for a structural adhesive bonding primer.
(See Table 2-1.) Most paints cannot conform to all the requirements
listed in Table 2-1; however, proper marriage of the characteristics of
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structural adhesive bonding primers (see Table 2-1) and electodepositable
paints (see Section 2.1.3) would have the characteristics described in
Table 2-1 and would also:

. Contain a minimal amount of organic solvent since it is
primarily water-thinned

. Coat portions of metallic parts that are inaccessible by
line-of-sight methods

. Accurately control primer thickness by regulating voltage and
bath parameters to maximize bond performance.

2.2 PHASE I: FORMULATION, EVALUATION AND SCREENING

2.2.1 TASK I, STAGE 1 FORMULATION OF ELECTRODEPOSITABLE PRIMERS --
Prior to the initiation of work under this contract, 3M had spent
considerable money and effort to generate a prototype high-temperature
performance Cathodic Electrophoretically Depositable Structural Adhesive
Bonding Primer (CEDSABP). Therefore, this portion of the program was not
concerned with the generation of a CEDSABP, nor with the generation of a
formula based upon a lower-temperature performance material. This
portion of the program was concerned with the optimization of the
prototype formula which had been generated before this research contract
began.

A review of the literature regarding electrophoretically depositable
primers indicates that there are several generic components with which
formulators of such primers are concerned. These components are listed
in Table 2-2. Also indicated in Table 2-2 is the function of each major
component of an electrophoretically depositable primer. Stage I, Task I
of Phase I was concerned with the optimization of the amounts of each of
these generic components in a CEDSABP.

The basis for the optimization work was a 26'3

designed experiment. The
test matrix for the experiment is shown in Table 2-3. In this fractional

factorial design, six components were varied and were evaluated for their
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Table 2-2.

Generic Components in a Cathodic Electrophoretically

Depositable Paint and their Function

GENERIC COMPONENT FUNCTION
(A) Positively charged film- 1. Base component binder
forming polymer(s)
2. Provides physical strength
and flexibility
(B) Solubilizing agent for (A) Makes (A) either water soluble
or water dispersible
(C) Crosslinking agent(s) Insolubilizes and
strengthens (A)
(D) Soivents for (A) and (C) 1. Aids processing
2. Aids film formation on
cathode
(E) Coalescing solvent(s) Aids in film formation at the
cathode
(F) Pigments 1. Opacification

2. Corrosion inhibition

2-8
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Table 2-3. Test Matrix for a 26'3 Designed Experiment
for Optimization of the Performance of
3M Prototype CEDSABPs

) LEVEL OF VARIABLE
. DESIGN POINT A B C D E
1 - - - + + +
2 + - - - - +
3 - + - - +
4 + + -~ + -
5 - - + + -
6 + - + - +
7 - + + - -
8 + + + + +
+ Indicates a high level of the variable

Indicates a low level of the variable

*
i




effect on the overall performance of the CEDSABP. Variations made to the
components included the following:

. The molecular weight of the base polymer

. The level of crosslinking agent based on the weight of the
base polymer.

In Table 2-3, the numbers under "Design Point" are the CEDSABP numbers
while the letters under "Level of Variable" correspond to the generic
component letters in Table 2-2.

The overall quantities of each material used in the generation of the
various CEDSABPs are shown in Table 2-4. Table 2-4 shows that the
program was modified at midpoint to include a number of other formulas.
Two formulas, CEDSABPs 2R and 2RR, were repetitions that were requested
by the Air Force on an early candidate for the optimized primer,
CEDSABP 2. CEDSABPs 9 and 10 were added as "midpoints" in the designed
experiment. CEDSABP 9 was a midpoint with both corrosion inhibiting
pigments while 10 was a midpoint without any corrosion inhibiting
pigments. CEDSABP 11 was the material chosen as the optimized primer.

A CEDSABP primer is formulated in a number of steps. The first step is
the synthesis of a base chemical which is proprietary to 3M. In a second
step, this base chemical is reacted with an epoxy resin to provide an
epoxy terminated base polymer. The epoxy terminated base polymer is then
analyzed for its molecular weight by means of a titration method. The
epoxy equivalent weight, which is one-half the molecular weight, is
determined by the HCL/pyridine/NaOH titration method. Molecular weights
of base polymers ranged from 1034 to 1916, with 1034 considered to be low
molecular weight and 1916 considered to be high molecular weight. In a
third step, the epoxy terminated base polymer is reacted with either an
amine terminating group or a thioether terminating group. In a fourth
step, the terminated base polymer is made water compatible by the
addition of a water compatibilizing acid. The acid used in our materials
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Table 2-4. Design for High-Temperature CEDSABP Optimization
1 2 3 4 5
VARIABLE DESCRIPTION AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEIL
Low Molecular
Weight Resin -- 256.8 + -- 256.8 + --
A Medium Molecular
Weight Resin -- - - -- --
High Molecular
Weight Resin 295.8 - - 282.7 - -- 295.8 -
B Amine Terminating
Compound 29.2 - 52.6 - -- -- 29.2 -
Sulfur Terminating
Compound -- -- 38.7 + 53.64 + --
Compatibilizing Acid 25 40.6 28.6 39.54 25
C Crosslinker 100.0 - 100.0 - 100.0 - 100.0 - 125.0 +
0 Resin Soivents 150.0 + 100.0 - 100.0 - 150.0 + 150.0 +
£ Coalescing Solvent 100.0 + 50.0 - 100.0 + 50.0 - 50.0 -
F Chromate Pigment -- -- 37.5 - 37.5 - 37.5 -
Non-chromate
Pigment 121.5 + 121.5 +
Pigment Dispersant 22.15 22.2 13.75 13.75 16.25
Water (from atll
sources) 4156.35 4256.3 4299.0 4298.77 4271.25
TOTAL 5000 5000 5000 5000 5000
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Table 2-4. Design for High-Temperature CEDSABP Optimization (Cont.)
6 7 8 9 10
VARIABLE DESCRIPTION AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEL
Low Molecular
Weight Resin 256.8 + -- 256.8 + -- --
A Medium Molecular
Weight Resin -- - -- 268.2 0 268.2 0
High Molecular
Weight Resin - 282.7 - -- -- --
B Amine Terminating
Compound 52.6 - - -- 21,93 O 21.93 0
Sulfur Terminating
Compound -~ 38.7 + 53.64 + 25.48 O 25.48 0
Compatibilizing Acid 40.6 28.6 39.54 35.7 35.7
C Crosslinker 125.0 - 125.0 - 125.0 - 112.5 + 112.5 0
D Resin Solvents 100.0 - 100.0 - 150.0 + 125.0 0 125.0 0
£ Coalescing Solvent 100.0 + 50.0 - 100.0 + 75.0 - 75.0 -
F Chromate Pigment 37.5 - -- -- 25.0 0 0 0
Non-chromate
Pigment -- 121.5 + 121.5 + 95.0 0 0 0
Pigment Dispersant 16.25 24.65 24.65 23.25 11.25
Water (from all
sources) 4271.3 4228.85 4128.87 4192.94 4324.94
TOTAL 5000 5000 5000 5000 5000
Center Point | Center Point
With Without
Pigments Pigments
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Table 2-4. Design for High-Temperature CEDSABP Optimization (Cont.)
11 12 13 14 15
VARIABLE DESCRIPTION AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEL | AMOUNT LEVEL

Low Molecular
Weight Resin
Medium Molecular
Weight Resin
High Molecular
Weight Resin

Amine Terminating
Compound

Sulfur Terminating
Compound

Compatibilizing Acid

Crosslinker

Resin Solvents
Coalescing Solvent

Chromate Pigment

Non-chromate
Pigment

Pigment Dispersant

Wwater (from all
sources)

42.3

32.7

112.5

125.0

75.0

75.0

18.75

4243.7




is lactic acid. After the water compatibilizing acid is fully reacted
with the base polymer, appropriate solvents are added. The two types of
solvents are listed in Table 2-4. The result of the above steps is a
brown solution of water compatible polymer.

In a separate step, the corrosion inhibiting pigment and the crosslinking
pigment are milled by placing the appropriate amount of pigment and water
into a ceramic jar. Ceramic milling media are added as well as a small
amount of the above described water compatibilized base polymer which
acts as a dispersing aid. The material is milled overnight.

In the next step, the entire ceatents of the milling jar are added to the
solution of the water compatibilized base polymer. Further adjustments
are made in the amount of water and solvent in the material to provide a
primer that is approximately 40 percent solids. This primer concentrate
is the product material.

The primer concentrate must be carefully diluted to a concentration of
about 10 percent solids for use. The concentrate is placed in a
container that is equipped with an air driven motor that is attached to a
paddle type stirrer, preferably a "high-1ift" stirrer. Distilled or
deionized water is added slowly to the primer concentrate to "let it
down." Too rapid addition of the water will cause the primer to
coagulate. There is a point (break-point) during the addition of water
at which the viscosity of the primer rapidly decreases. After the break-
point, water may be added rapidly. The primer is a beige to light-yellow
dispersion which will settle in a few days if it is not agitated.

2.2.2 SUBSTRATES AND ADHESIVES -- The specification for high-
temperature resistant adhesive bonding of honeycomb sandwich
constructions for the F-111 is General Dynamics specification FMS-1013B.
This specification calls for 2024-T81 bare aluminum as face sheets and
5052 aluminum as the core material. The tests designed to probe the
performance of the CEDSABP are listed in Table 2-5 while the design
criteria are listed in Table 2-6. In the tests described in Tables 2-5
and 2-6, the aluminum sheet was 2024-T81 bare aluminum. The surface of
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Table 2-6. Performance Criteria for CEDSABP Optimization Program

PERFORMANCE CHARACTERISTICS

DESIGN CRITERIA

10.

11.

Deposition Characteristics

Throwpower

Film Properties

Peel Properties

Shear Properties

High Temperature
Resistance

Flatwise Tension

Corrosion Resistance of

Shear Specimens

Film Corrosion Resistance

Bath Stability

Solvent Resistance

10.

11.

Film deposits at voltages less
than 60 V and exhibits current
drop characteristics.

Uniformly coats entire depth
of 0.5" thick core.

Cured film deposits at
approximately 0.1 mil and
visually uniform.

Room temperature floating
roller peel is unaffected
by presence of primer.

-65°F, room temperature, 325°F,
350°F shear properties are
unaffected by presence of
primer.

Exposure of lap shear specimens
to 350°F for 200 hours shows
minimum effect on shear
strength when tested at 325°F.

Flatwise tension when measured
at room temperature and 325°F
is unaffected by presence of
primer.

Minimum drop in RT shear
strength after 30-day salt
spray exposure.

Minimum creep from scribe and
minimum blistering after
30-day salt spray exposure.

Minimum effect on properties 1,
2, 3, and 6 (above) after 30 days
at room temperature, stirred.

No rub-off with methyl ethyl
ketone.
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the aluminum was prepared according to Boeing specification BAC 5555 and
is described in Table 2-7. The honeycomb core used in this work was made
of 5052 alloy and was not corrosion resistant. The honeycomb core was
also anodized according to the process described in Table 2-7. Care was
taken to make attachments to the core in such a fashion that current
would flow through the entire core; thus, the attachments could only be
made at the end of the core parallel to the ribbon direction.

Titanium alloy (Ti-6A1-4V) was also used in the optimization experiments.
The surface preparation was the 5-volt chromic acid anodization process
as described in Table 2-8. The complete set of tests, as described in
Tables 2-5 and 2-6, were not run using titanium; rather, only lap shear
properties were determined (Tests 5 and 6, Table 2-6). Measurements on
titanium were limited to those tests because of the unavailability of
equipment to machine titanium at 3M.

The adhesive used in the optimization work was AF-143. This adhesive was
chosen because it was the adhesive used under Air Force Contract F33615-
80-C-5069. With the choice of this adhesive, it was possible to compare
the optimization results directly with those obtained under Contract
F33615-80-C-5069.

2.2.3 TEST RESULTS -- In the following paragraphs, test results
which were used to optimize the primer formulation are described. Each
test is discussed individually below but the entire data package is
included in Appendix A.

2.2.3.1 Apparatus Description -- A schematic of the electrochemical
apparatus used for the determination of deposition characteristics is
shown in Figure 2-2. The equipment shown in fFigure 2-2 is also the
equipment used for all of the CEDSABP work performed at 3M under this
contract. The CEDSABP is placed in a glass tank equipped with a pump and
heat exchanger. These were added during the time frame of this contract
since it was found that pumping gave better suspension of pigments than
the use of a stirrer. The heat exchanger was added to keep the
temperature of primer near room temperature to reduce loss of solvent by
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Table 2-7. Phosphoric Acid Anodization Process

Alkaline Degrease
Oakite 164 (180°F), 10 minutes
Cold Water Dip
Cold Tap Water Rinse, 2 minutes
Optimized FPL Etch (155°F), 10 minutes
D1 water Rinse, 2 minutes
Phosphoric Acid Anodization
3.1N
Room Temperature
15V for 22.5 minutes
DI Water Rinse, 5 minutes
Air-Dry, 10 minutes
Forced Air-Dry (155°F), 10 minutes

Prime Parts within 72 hours
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Table 2-8. Titanium Surface Preparation

(5V Chromic Acid Anodization)

Alkaline Degrease
Oakite 164 (180°F), 10 minutes
Tap Water Rinse, 2 minutes
Nitric-hydrofluoric Acid Etch, 90 seconds
0.85 liter conc. nitric acid
0.12 liter 48% hydrofluoric acid
0.11 gram FC-95
Dilute to 2 liters with distilled water
Tap Water Rinse, 2 minutes
Chromic Acid Anodization
97.6 grams Chromic Acid
Dilute to 2 liters with distilled water
6 milliliters hydrofluoric acid
5 V, Room Temperature, 20 minutes
D1 Water Rinse, 5 minutes
Forced Air-Dry (150°F), 10 minutes

Prime Parts within 48 hours
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Hewlett-Packard

Model 7127A
Strip Chart Recorder
Keithly Model
610
Electrometer \
152
o0 <o//._1
Timer
Kepco Regulated
D.C. Power Supply
0-60V, 0-10A -
Digitec
Auto Range b
DC Voltmeter ~— ! N N
Stainless Steel Anode Arrows
Indicate
Fluid Flow Direction
CEDSABP —
Aluminum Piece
to be Coated - -
(Cathode) J
J Pump
1 Gallon Glass Rectangutar Tank - ——
Heat
Exchanger

Figure 2-2. Apparatus for Determination of Deposition Characteristics
and for Deposition of CEDSABPs
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evaporation and reduce heat history. In addition, the plastic plumbing
used in this apparatus was changed during the course of the contract.
The original plumbing was TygonR tubing. We found that substantial
amounts of solvent can be lost by evaporation through the tubing.
Replacement of the TygonR tubing with polypropylene eliminated this
problem. One additional modification was made to the apparatus during
the course of this contract; a timing circuit was added that allowed 3M
to better reproduce deposition times.

2.2.3.2 Aging Test -- One goal of the program was to provide some
data regarding the 1ife of the CEDSABP under use conditions. Because of
time limitations, a test had to be generated which might be considered
predictive of the life of the primer. The test we picked was to place
the primer in a sealed container and place that container on a roller
mill for a month, Several properties of the primer were determined
before and after this aging test.

2.2.3.3 Deposition Characteristics -- The key features of an
electrophoretically depositable paint in comparison to a spray paint are
discussed ir Paragraph 2.1.1. In order to obtain optimum deposition
characteristics, certain criteria must be met:

. Voltages necessary to obtain the proper OH  level for
deposition must be low enough to be industrially feasible.

. Deposition time must be short.

. Current drop must be rapid to indicate the insulating
character of the deposited film.

These parameters can be determined directly or indirectly by an
electrochemical method. The deposition characteristic experiment was
carried out in the following fashion. A voltage is set on the Kepco
power supply and is monitored by the calibrated Digitec voltmeter. An
aluminum panel of dimension (l1-inch x 0.5-inch x 0.020-inch) that had
been surface prepared as described in Table 2-7 is placed in the CEDSABP.
A switch is thrown and the current draw is measured by monitoring the
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voltage across a l-ohm resistor. The output of the electrometer is
displayed on a strip chart recorder, and current time curves are measured
as a function of several applied voltages. Current time curves that are
exemplary of those taken in this work are shown in Figure 2-3. This
figure shows curves taken on CEDSABP 6 as a function of applied voltage.
The characteristic time for each curve is taken to be the time at which
the current reaches 1/e (1/2.718) of its maximum value with short 1/e
times considered to be good.

The deposition time results, as a function of CEDSABP, are plotted in
Figure 2-4. These results were obtained for primers that were freshly
formulated. Essentially all of the primers provide short 1l/e times at
voltages, in exces- of 30V. However, several CEDSABPs provide short 1/e
times at 20V or less. These primers are 1, 2, 2R, 5, 8, 9, and 11.

The deposition properties of the CEDSABPs were one of the set of
parameters determined after 1 month of aging on a roller mill. These
results are plotted in Figure 2-5. The deposition characteristics of the
primers change substantially with this aging test. Samples 2RR, 3, 4, 6,
7, and 8 show essentially unusable deposition characteristics after the
aging process. CEDSABPs 1, 2, 2R, 5, 9, 10, and 11 show little change in
their deposition characteristics after aging.

2.2.3.4 Throwpower -- Throwpower is a term used to describe the
ability of a CEDSABP to coat portions of parts that are inaccessible by
Vine-of-sight methods. The current time curves shown in Figure 2-3 are
indicative of the throwpower of a CEDSABP. A CEDSABP having poor
deposition characteristics will also 1ikely have poor throwpower. A
functional throwpower test was also performed. A 1/2-inch thick
phosphoric acid anodized core was coated with each CEDSABP. A CEDSABP
completely coating the core was considered to have good throwpower.

Throwpower results are listed descriptively in Table 2-9. Before aging,

CEDSABPs 1, 2, 2R, 2RR, 5, 6, 9, 10, and 11 all provide reasonable
throwpower at low voltages. These are the same materials which
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CEDSABP Optimization

Phos. Anod. Aluminum, Current Drop
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Figure 2-4. CEDSABP Optimization, Current Drop Characteristics, Initial
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CEDSABP Optimization

Phos. Anod. Aluminum, Current Drop
Characteristics. After Aging
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Table 2-9. Throwpower

(Coating of 1/2-inch Thick Honeycomb Core)

CEDSABP NO.

BEFORE AGING

AFTER AGING

2R
2RR

A O A W

10
11

Complete at 20-30V
Complete at 20-30V
Complete at 20-30V
Complete at 20V

Incomplete at 60V
Incomplete at 60V
Complete at 20-30V
Complete at 20-30V
Incomplete at 60V
Incomplete at 60V
Complete at 20-30V
Complete at 20-30V

Complete at 30V

Complete at 40V
Complete at 20-30V
Incomplete at 60V
Incomplete at 20-30V
Incomplete at 60V
Incomplete at 60V
Complete at 40V
Agglomeration
Incomplete at 60V
Incomplete at 60V
Complete at 40V
Complete at 30V
Complete at 20-30V
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demonstrate good current drop characteristics. Table 2-9 also lists the
throwpower after the 30-day aging test. The CEDSABPs which provide good
throwpower after aging are 1, 2, 5, 9, 10, and 11. This corresponds well
to the current drop characteristics described above.

Typically, poor throwpower results in coating of the core only at the
edges where the potential drop is the highest. Also, poor throwpower
results in coatings that are loosely adhered before cure and appear to
have many pinholes.

2.2.3.5 Film Properties -- Flat sheets of phosphoric acid anodized
aluminum were electrodeposited with each of the CEDSABPs as a function of
deposition voltage. The CEDSABP was then cured for 2 hours at 350°F.

The film thickness was determined at a number of locations on each of the
panels by means of an Isometer. A positive film property characteristic
is linear or quasilinear increase of film thickness with deposition
voltage. An alternative positive characteristic is little or no increase
in film thickness with increasing voltage, which is indicative of
excellent throwpower. In addition, the visual appearance of the coating
was monitored. Coatings that are rough, cratered, or otherwise visually
defective were considered to have negative characteristics. The cured
coatings were checked for hardness by means of scratching the surface
with a hard pencil. A coating with lack of resistance to scratching with
a pencil of at least 6H hardness was considered to have negative
characteristics.

The thickness and pencil hardness characteristics of each CEDSABP coating
are shown in Appendix A. A1l of the CEDSABPs provide 9H pencil hardness
before and after aging. Before aging, CEDSABPs 1, 5, 8, 10, and 11
provided linearly increasing primer thickness; 2, 2R, 2RR, and 9 seemed
to provide a 1imiting thickness; and 3, 4, 6, and 7 provided thick
coatings. After aging, CEDSABPs 1, 2, 2R, and 11 seemed to provide a
limiting thicknes:; CEDSABP 9 provided linearly increasing film
thickness; and the remainder of the primers provided thick coatings.
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The visual appearance of the coatings is listed in Table 2-10. Before
aging, all of the coatings provided smooth semi-gloss or glossy coatings
except for 3, 7, and 8. These coatings were thick on the edges or had a
pebbly appearance. After aging, the appearance of many of the coated,
cured CEDSABP films changed markedly. A1l of the CEDSABPs experienced
some change in the appearance except for 1, 2, 10, and 11. Slight
changes were observed for 5 and 9.

2.2.3.6 Solvent Resistance -- As discussed in Paragraph 2.1.5, a
CEDSABP must exhibit resistance to aircraft fluids. The normal test for
such resistance involves immersing lap shear bonds in various aircraft
fluids and noting performance changes as a function of time in the fluid.
Instead of the immersion test, a rapid test for this type of performance
was used for faster evaluation of the primer. This test is a standard
coating test and involves rubbing the cured CEDSABP surface with a
cheesecloth soaked with methyl ethyl ketone (MEK). A positive
performance characteristic is the lack of removal of the CEDSABP with 50
back-and-forth rubs.

A11 of the CEDSABPs, before and after aging, provided resistance to the
MEK rub test after a cure of 2 hours at 350°F.

2.2.3.7 Physical Properties -- Most of the tests listed under Items
5, 6, and 7 in Table 2-6 are physical properties' tests of adhesive bonds
made with adherends primed with various CEDSABPs. The tests are
described in the specifications listed in Table 2-5 and will not be
repeated here.

EC-3917 was selected as the control primer. It is a solvent-base
corrosion inhibiting primer that has been used in the aerospace industry
for over 20 years and is a 3M standard primer for use with high-
temperature epoxy adhesives. A1l of the data regarding physical
performance of adhesive bonds made using CEDSABPs are compared to the
performance of bonds made using adherends primed with EC-3917. The
EC-3917 was applied at a thickness of about 0.0001-inch and cured for

1 hour at 350°F.
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Table 2-10.

Coating Quality

CEDSABP NO. ATTRIBUTE BEFORE AGING AFTER AGING
1 Texture Slightly rough Less rough
Color Light brown More yellow
Uniformity | Thin, uniform Thin, uniform
2 Texture Very slightly rough Very slightly rough
Color Light brown Light brown
Uniformity | Thin, uniform Thin, uniform
2R Texture Semi-gloss Rough, pebbly
Color Light brown Brown
Uniformity | Thin, uniform Thin in spots
2RR Texture Semi-gloss Rough, pebbly
Color Light brown Yellow brown
Uniformity | Thin, uniform Thick on edges. Washes off.
3 Texture Pebbly Very pebbly
Color Yellowish Brown
Uniformity | Thin, non-uniform (edge) Incomplete
4 Texture Glossy Very pebbly
Color Yellowish Browner
Uniformity | Thin, uniform Incompiete
5 Texture Glossy Somewhat rougher
Color Yellowish Stightly browner
Uniformity } Thin, uniform Uniform, slightly pebbly
6 Texture Slightly pebbly
Color Yellow brown Agglomeration
Uniformity | Thin, uniform
7 Texture Glassy Pebbly
Color Yellowish Yellowish
Uniformity | Non-uniform (edges) Thick, esp. edges
8 Texture Glossy Pebbly
Color Yellowish Browner
Uniformity | Slightly thick on edges Thick on edges
9 Texture Glossy Semi-gloss
Color Light brown Browner
Uniformity | Thin, uniform Thin, uniform
10 Texture Glossy Glossy
Color Light brown Yellowish
Uniformity | Thin, uniform Thin, uniform
11 Texture Semi-gloss Semi-gloss
Color Light brown Yellow brown
Uniformity | Thin, uniform Thin, uniform
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The raw data regarding the adhesive bond tests are shown in Appendix A.
The codes for the apparent failure modes of each specimen are as follows:

cp = Cohesion Failure in the Primer Layer

CA = Cohesion Failure in the Adhesive

AP, APM = Apparent Adhesion Failure, Primer to Metal
APA = Apparent Adhesion Failure, Primer to Adhesive

The APM and APA failure modes are listed as "apparent" since detailed
surface analysis was not performed, and only a visual appraisal of the
type of failure was made.

Figures 2-6 through 2-9 show the values for metal-to-metal adhesive bond
shear strength for aluminum adherends primed with the CEDSABPs generated
under this program. In general, the values of bond strength are in the
range expected for AF-143 on aluminum at the test temperatures. In these
figures and Appendix A, we show a comparison to the control "C" which

was obtained using the AF-143/EC-3917 adhesive/primer system. The
horizontal dark line on each figure corresponds to the control strength.
The dashed 1ines on each figure correspond to a standard deviation around
the control strength. The standard deviation which we normally obtain
for lap shear specimens is 200 psi. As shown in Figures 2-6 through
2-9, the lap shear strengths of all of the CEDSABPs except CEDSABP 3 fall
well within the range of the standard deviation of the control values and
in some cases exceed this range. In Figure 2-9, a number of the

CEDSABPs (3, 7, 8, 9, and 10) do not have 350°F lap shear strengths which
fall into the standard deviation of the control. The results are very
close, and with the same size of standard deviation appiied to these
numbers, the range of standard deviations easily overlaps. CEDSABP 11
meets or exceeds the performance of the control in all cases. Figure
2-10 shows that all of the CEDSABPs give results most equivalent to the
control value with aging for 200 hours at 350°F. This is an important
result, since this is the property which the primer developed under
Contract F33615-80-C-5069 could not provide. The failure surfaces for
the bonds made with aluminum adherends are also listed in Appendix A,
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Figure 2-6. CEDSABP Optimization, AF-143/Phosphoric Anodized 2024-181,
-67°F Lap Shear Strength
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Figure 2-7. CEDSABP Optimization, AF-143/Phosphoric Anodized 2024-T81,
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Figure 2-8. CEDSABP Optimization, AF-143/Phosphoric Anodized 2024-T81,
325°F Lap Shear Strength
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Figure 2-10. CEDSABP Optimization, AF-143/Phosphoric Anodized 2024-181,
320°f Lap Shear after 200 Hours at 350°F
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The failure is generally cohesion failure within the adhesive for bonds
tested at room temperature and at elevated temperatures. The failures,
however, are mixed cohesion failure in the adhesive, and cohesion failure
in the primer at -67°F.

Flatwise tension results are shown in Figure 2-11. We do not have

an accurate estimate of the standard deviation of this test; however,
Figure 2-11 does show that all of the CEDSABPs easily exceed the control
strength at 325°F. The only CEDSABP which gives distinctly inferior
performance on all of the aluminum tests is CEDSABP 3. The cause for
this is unknown but may be related to the poor deposition characteristics
of this CEDSABP. Overall, except for the case of CEDSABP 3, the physical
strength characteristics of adhesive bonds made with adherends primed
with CEDSABPs are not very sensitive to the chemical composition of the
CEDSABP.

The bond strengths that were obtained under this program using titanium
adherends are shown in the Appendix A and in Figures 2-12 through 2-15.
The values are in the range expected for this adhesive on titanium. Once
again, the CEDSABP results can be compared to the set of EC-3917/AF-143
standards. The control strengths and standard deviation are shown in
each figure. The results show that the lap shear numbers are far more
variable than they are for aluminum. This is especially true at Tow
temperatures. At higher temperatures, CEDSABPs 1, 2, and 11 seem to
provide the best results in comparison to the control, and the results
are far less variable than they are at low temperatures. As with the
bonds on aluminum, the bonds tested at higher temperatures show cohesion
failure in the adhesive; however, at lower temperatures, such as room
temperature and -67°F, the failures are either a mixed cohesion failure
in the adhesive and primer, or cohesion failure in the oxide. The
cohesion failure in the oxide is much more prevalent at -67°F. This
apparent cohesion failure in the oxide is determined visually in that the
metal adherend appears to be shiny metal instead of the colored rough
oxide. The shear numbers at low temperature seem to correspond to the
amount of oxide removed; the more oxide removed, the lower the shear
strength. [t is possible that the 5-volt chromate acid anodize may not

2-36




Strength (psi)

1000

800 |- . _ _

Test Temp.
1 RT
B 325F

200 ft &

C 1 22RRR3 4 56 6 7 8 9 100N
CEDSABP Number

Primer applied on all surfaces
Core is 50H2H34, Face sheets are 2024781

Figure 2-11. CEDSABP Optimization, AF-143/Phosphoric Anodized Aluminum,
Flatwise Tension
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Figure 2-12. CEDSABP Optimization, AF-143/Chromic Acid Anodized Titanium,
~67°F Lap Shear Strength
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Figure 2-13. CEDSABP Optimization, AF-143/Chromic Acid Anodized Titanium,
RT Lap Shear Strength
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Figure 2-14. CEDSABP Optimization, AF-143/Chromic Acid Anodized Titanium,
325°F Lap Shear Strength
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Figure 2-15. CEDSABP Optimization, AF-143/Chromic Acid Anodized Titanium,
350°F Lap Shear Strength
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be the best surface preparation for the acceptance of a CEDSABP. Ffor the
most part, the strength results for the CEDSABPs are acceptable.

CEDSABP 11 particularly gave a performance that met or exceeded that of
the control. The result of the 350°F heat soak was also positive for
most of the CEDSABPs, as shown in Figure 2-16.

2.2.3.8 Envirommental Exposure -- During this task, several
environmental exposure simulation conditions were used. The first of
these was to expose lap shear specimens to salt spray conditions for 30
days and determine the decrease in lap shear strength after that
exposure. The salt fog environment was generated according to

ASTM B-117. The results of salt fog exposures are shown in Figure 2-17
and are also listed in Appendix A. With the exception of CEDSABP 4, the
failures were all cohesion failure in the adhesive and no visible
undercutting caused by corrosion was observed.

The second type of environmental exposure was what we term "facial"
corrosion exposure. In this test, panels were generated for each CEDSABP
having primed and cured coatings of a thickness of about 0.0001-inch.

The "face" of the panel was scribed with an "X" by means of a sharp razor
blade. The panel was then exposed to 30 days of salt fog controlled as
prescribed by ASTM B-117. The panels were placed in a wooden holder
which kept the face of the panel at a 7° tilt from vertical to ensure
that the panel face was constantly subjected to salt fog without shading
from other panels. Table 2-11 gives the results of the facial salt fog
tests. After 30 days of salt fog exposure, the samples primed with the
various CEDSABPs showed no evidence of corrosion under the coating, with
the exception of CEDSABPs 2RR and 10. CEDSABP 10 did not actually
display corrosion under the coating; rather it displayed a small amount
of pitting corrosion which probably formed at defects in the coating.

The greatest portion of the surface of the panel coated with CEDSABP 10
was uncorroded. Pits were also apparent on panels coated with CEDSABPs 3
and 7, but were not as apparent as those on the panel coated with

CEDSABP 10. The pits on panels coated with CEDSABPs 3 and 7 could also
have been just coating defects, because they are not nearly as visible

as those on the panels coated with CEDSABP 10. CEDSABP 10 does not
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Figure 2-16. CEDSABP Optimization, AF-143/Chromic Acid Anodized Titanium,
320°F Lap Shear after 200 Hours at 350°F

2-43




Lap Shear Strength (psi)

6000

5000

4000

T
.

S Bl sy ool SEECEEENEDEE. Sty it

3000

¥

2000

1000

A | 1 1 I 1 1 i | 1 I |

)
C 1 2 2R2RR 3 4 &5 6 7 8 9 10 N
CEDSABP Number

After 30 Days Salt Spray Exposure

Figure 2-17. CEDSABP Optimization, AF-143/Phosphoric Anodized 2024-181,
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Table 2-11.

Facial Corrosion Resistance

CREEP FROM SCRIBE DRIP |PEELING

CEDSABP NO.| BLISTERS SCRIBE CORROSION | PITS | MARKS up
3917 60 percent of panel surface is completely corroded
1 No No Slight No Yes No

2 No No Slight No Yes No

2R No No Slight No Yes No
2RR No No Slight Yes Yes No

3 No No Slight [Maybe No No

4 No No No No No No

5 No No No No No No

6 No No Slight No |[Slight No

7 No No No Maybe No No

8 No No No No ([STight No

9 No No No No No No

10 No No No Slight |S1ight No
11 No No Slight No |Slight No
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contain any corrosion-inhibiting pigment and therefore does not have any
mechanism to hinder corrosion other than barrier properties; so once the
corrodant breached the coating, there was no other mechanism to impede
its progress. In general, the salt fog results indicate that the
CEDSABPs containing non-chromate corrosion-inhibiting pigments were
slightly less effective than those which contained chromates, since the
coatings containing chromate had no blister formation within the scribes
while those with non-chromate corrosion-inhbiting pigments had some
blisters. CEDSABP 2RR displayed general corrosion on one of the panels
that was exposed to this test; however, the other panel coated with 2RR
did not show this corrosion. We can only assume that the panel was in
some way improperly coated or surface treated.

The important -omparison of the above described results is made with
panels coated with EC-3917. This primer has been used effectively in the
aerospace industry for over 20 years. The EC-3917 panels showed very
poor corrosion protection compared to the CEDSABP coated panels. EC-3917
is heavily loaded with chromate based corrosion inhibiting piguwents, but
the CEDSABPs, even CEDSABP 10, showed orders of magnitude in better
performance than did EC-3917. We conclude that this must be due to the
better barrier prop~rties of a CEDSABP versus a spray-applied primer.

2.2.3.9 Bath Stability in Aging -- The screening test for bath
stability was discussed above. Of the CEOSABPs that were generated, the
best overall retention of coating performance was obtained with CEDSABPs
10 and 11. The test results of CEDSABPs 2, 2R and 2RR, which were
supposedly of the same formulation, did not agree. This was a matter of
great concern, but the structure of the program did not allow us to delve
into this difference too deeply. Some preliminary investigations of
changes in CEDSABP 2R were made. Qualitatively, we found that the usual
resin solvent odor had decreased and that the conductivity had changed
markedly. Experiments were done which demonstrated that with dialysis
and solvent replenishment, most of the throwpower returned. CFDSABPs
will increase in conductivity with use because of the liberation of the
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water-compatibilizing acid during the deposition step; however, during
this type of aging experiment, the CEDSABP was not used, so the
conductivity increase must have come from a different source. The most
likely source is slow dissolution of the corrosion inhibiting pigment.
CEDSABP 10 was formulated to evaluate the effect of corrosion inhibiting
pigment, and the coating characteristics of CEDSABP 10 were the least
affected by the aging experiment. This seems to indicate that the
culprit is the corrosion inhibiting pigment. We believe that this is the
reason why ultrafiltration is practiced in the electrophoretic priming
industry. (See Section 6, Item 5.) Ultrafiltration is believed to be a
form of dialysis.

CEDSABP 11 provided excellent retention of throwpower and coating
characteristics after aging. The formulary of CEDSABP 11 was achieved by
examining the data for the preceding CEDSABPs and finding trends which
seemed to give better stability.

tEven though the coating characteristics had changed for many of the
CEDSABPs, the high-temperature strength results after high-temperature
aging of adhesive bonds (using primer that had been aged on the roller
mill for 30 days) were almost the same as those shown in Figures 2-18 and
2-19. This indicates that strength characteristics are not the only

ma jor criterion for a proper CEDSABP coating.

2.2.4 CONCLUSIONS FROM PHASE I, TASK I, STAGE I -- In the original
proposal for this contract, the optimized CEDSABP was to be generated by
the results of a computer analysis of the variance of the data generated
above. Later, permission was sought to eliminate this computer analysis
from the program because (1) there was not enough variation in the
strength results, and (2) all of the sulfur-terminated base resins gave
poor performance. Thus, half of the data necessary to complete the 26'3
design were negative. This did not provide enough information to act
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Figure 2-18. CEDSABP Optimization, AF-143/Phosphoric Anodized 2024-181,
325°F Lap Shear after 200 Hours at 350°F
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Figure 2-19. CEDSABP Optimization, AF-143/Chromic Acid Anodized Titanium,
325°F Lap Shear after 200 Hours at 350°F
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upon the programs; ralher, it was decided that the obvious trends in Lhe
dala could be used to generate the optimized CLDSABP. Such trends were:

. Amine termination gives far superior throwpower and coating
quality in comparison to sulfur termination.

. Molecular weight has a small effect on coating quality;
however, higher molecular weight base resins are very
difficult to handle in the processing steps.

. CEDSABPs need a corrosion inhibiting pigment to decrease the
possibility of pit formation at coating defects.

. The corrosion inhibiting pigment should be non-chromated to
comply with pollution control laws in California.

. There was no clear effect as to the level of crosslinker and
solvent; however, solvent is lost during use and this does
affect the coating characteristics. This indicates the need

for close monitoring of solvent levels during use.

. Retention of throwpower seemed to be the key problem; this
seems to be related to:

- The presence of a corrosion inhibiting pigment

- The molecular weight of the resin (higher molecular
weight seems less affected).

. Throwpower can be returned with proper dialysis and
replenishment procedures.
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The above conclusions forced the choice of the formulary of CEDSABP 11
which has:

. A medium molecular weight base resin
. A non-chromate corrosion inhibiting pigment
. A lower level of corrosion inhibiting pigment
. Amine termination
. Solvent levels commensurate with molecular weight of the base
resin.
2.3 PHASE I, TASK I, STAGE II - CEDSABP PROCESS DEVELOPMENT

REPLENISHMENT METHODS, QUALITY CONTROL AND EVALUATION
AGAINST GOVERNMENT SPECIFICATIONS

2.3.1 ADHESIVE SELECTION -- In the choice of adhesive, our intent
was to use an adhesive that has been qualified to FMS-1013B. The 3M
Adhesive, AF-130, was qualified to this specification and considered for
use, but production of AF-130 was discontinued because of its asbestos
content, and we were not able to use the actual adhesives qualified to
this specification. Instead, the data generated during Stage II of
Phase I, Task I w.s generated, using a number of different adhesives.
The adhesives were all high-temperature resist<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>